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BACKGROUND 

1 . Field of the Invention 

The present invention relates generally to a controller, and more particularly 
relates to a control system for controlling an appliance, such as a gas-fired heating device. 
5 2. Description of the Related Art 

Gas-powered appliances typically have some control system included for 
controlling the operation of the appliance. In this context, a gas-powered appliance may 
be a water heater, a fireplace insert, or a fiimace, for example. Also in this context, "gas- 
powered" typically means that natural gas or liquid propane gas is used as a primary fiiel 
10 source. Current control systems used in gas-powered appliances are typically powered 
by a source external to the appliance, or take the form of a thermo-mechanical system, of 
which both approaches have certain disadvantages. 

In this respect, appliances with external power sources may be difficult to use in 
certain situations due to availability and/or proximity of a suitable power source. 
15 Additionally, such systems typically do not function in the event of a power outage, 

which is undesirable. While a thermo-mechanical back-up control system may be 
included in such an appliance, that approach may be overly redundant and cost 
prohibitive in a commercial application. 

Likewise, gas-powered appliances that employ thermo-mechanical controls, while 
20 not using an external power supply, can also have certain disadvantages. Such thermo- 

mechanical controls are typically inaccurate due to machining tolerances, mechanical 
hysteresis and the use of only a single temperature sensing location due to the 
impracticability of multiple sensor configurations. 
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In certain applications, gas-powered appliances might have a standing pilot 
ignition that can suffer certain disadvantages from being powered by an external power 
source. Further, gas-powered appliances with a standing ignition might also suffer 
certain disadvantages from having separate operating means for system start-up and 
5 temperature selection. 

Based on the foregoing, alternative approaches may be desirable. 



SUMMARY 

According to the exemplary embodiments, a method of using a controller to 
10 control gas flow to a pilot burner in fluid communication with a first pilot valve and a 
second pilot valve can comprise using a selectable input device to open the first pilot 
valve to allow gas flow to the pilot burner; lighting the pilot burner and heating one or 
more thermal detection devices in thermal communication with the pilot burner, wherein 
the one or more thermal detection devices outputs a variable voltage potential; supplying 
15 the voltage potential from the one or more thermal detection devices to the controller to 

power the second pilot valve to allow gas flow to the pilot burner; using the selectable 
input device to close the first pilot valve; and maintaining gas flow to the pilot burner 
through the second pilot valve; and wherein the only voltage potential used to power the 
controller is supplied by the one or more thermal detection devices. 
20 An apparatus in accordance with the exemplary embodiments can comprise a first 

pilot valve in fluid communication with a gas inlet and a pilot burner; a second pilot 
valve in fluid communication with the gas inlet and the pilot burner; a selectable input 
device that can open the first pilot valve to allow gas flow from the gas inlet through the 
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first pilot valve to the pilot burner and that can close the first pilot valve to oppose gas 
flow from the gas inlet through the first pilot valve to the pilot burner; one or more 
thermal detection devices in thermal communication with the pilot burner, the one or 
more thermal detection devices being able to output a variable voltage potential upon 
5 being heated; and a controller that can receive the variable output voltage potential from 
the one or more thermal detection devices and that can use the variable output voltage 
potential to power the second pilot valve and maintain gas flow from the gas inlet 
through the second pilot valve to the pilot burner; and wherein the only voltage potential 
needed to power the controller can be supplied by the one or more thermal detection 
10 devices. 

Other examples are possible as well. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention are described herein with 
1 5 reference to the drawings, in which: 

Figure 1 is an illustration of a water heater according to an exemplary 
embodiment; 

Figure 2 is a block diagram of a thermally powered control circuit and power 
management system according to an exemplary embodiment; 
20 Figure 3 is an illustration of an exemplary selectable input device in accordance 

with an exemplary embodiment; 

Figure 4 is an illustration of an exemplary embodiment in an exemplary off 
position; 
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Figure 5 is an illustration of an exemplary embodiment in an exemplary manual 
pilot position; 

Figure 6 is an illustration of an exemplary embodiment in an exemplary automatic 
pilot standby position; 

5 Figure 7 is an illustration of an exemplary embodiment in an exemplary automatic 

pilot (main valve "on") position; 

Figure 8 is a schematic diagram of an exemplary potentiometer circuit; 
Figure 9 is a flowchart illustrating a process carried out by a system in accordance 
with an exemplary embodiment; 
10 Figure 10 is a flowchart illustrating a process carried out by a system in 

accordance with an exemplary embodiment; and 

Figure 11 is a flowchart illustrating a process carried out by a system in 
accordance with an exemplary embodiment. 



1 5 DETAILED DESCRIPTION OF 

EXEMPLARY EMBODIMENTS 

1. Exemplary Architecture 

It should be appreciated that while exemplary embodiments are described with 
20 particular reference to an appliance control system for controlling a gas-fired water 
heating device, the present invention is contemplated for use with other appliances, 
including those which generate heat using electricity, a heat pump, oil, and the like. In 
addition, the gas-fired heating appliance may use a variety of suitable ignition systems, 
including standing pilot ignition, spark ignition, and hot surface ignition. 
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Referring now to the drawings, which illustrate exemplary embodiments only and 
are not for purposes of limiting the claims, Figure 1 depicts an exemplary embodiment of 
a water heating device ("water heater") 100. Water heater 100 might include a storage 
tank 1 10 for storing water that has been, or is to be heated. Water heater 100 might also 
5 include a water supply feed pipe (typically cold water) 120, and a hot water exit pipe 1 30. 

Additionally, water heater 100 might include a housing 315, a selectable input device 310 
coupled to a control circuit 200 (shown in Figure 2), and temperature sensors 150 and 
160. Information, such as water temperature within tank 110 and/or a preferred water 
temperature might be communicated, respectively, by temperature sensors 150 and 160 

10 and the input device 310 to the control circuit 200. 

In an exemplary embodiment, such information is communicated using electrical 
signals. In this regard, one or more thermal detection devices 170 (which might comprise 
one or more thermo-electric temperature detection devices) might power input device 
310/control circuit 200. While the exemplary embodiments will be described in further 

15 detail with respect to Figures 2-11, briefly, employing a thermally powered control 

circuit, such as input device 310/control circuit 200, with water heater 100 can overcome 
at least some of the foregoing described disadvantages, such as use of external power. 

For water heater 100, a gas supply line 180, one or more pilot burners 190, and a 
first pilot gas valve, such as a manual pilot gas valve 390 (as shown in Figures 4-7), 

20 might also be coupled to input device 310/control circuit 200. In this regard, burner 190 
might produce a pilot flame 195. Thermal energy supplied by pilot flame 195 might be 
converted to electric energy by the one or more thermal detection devices 170. This 
electrical energy might then be used by thermally powered input device 310/control 
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circuit 200 to operate water heater 100, as is described in further detail hereinafter. 
Water heater 100 might further include a main burner (not shown)/main burner gas valve 
420 (shown in Figures 4-7), which might provide thermal energy for heating water 
contained within tank 110. 
5 Figure 2 depicts a block diagram of an embodiment of a thermally powered 

control circuit 200 including a power management system in accordance with an 
exemplary embodiment. Circuit 200 might be used in water heater 100, for example, 
although other examples are possible. Features and aspects of the embodiment shown in 
Figure 2 will be discussed briefly with reference to circuit 200, and a more detailed 

10 description of power management systems can be found in commonly owned U.S. Patent 

Application Ser. No. 10/382,303, Honeywell docket number H0004032, the entire 
disclosure of which is incorporated by reference herein. 

In this regard, circuit 200 might include the one or more thermal detection devices 
170 that can be in thermal communication with a thermal source 220 (which might 

15 comprise the pilot flame 195), In this context, thermal communication can mean, for 

example, that the one or more thermal detection devices 170 and thermal source 220 are 
in close enough physical proximity with each other, such that thermal energy generated 
by thermal source 220 might be absorbed by, or communicated to, the one or more 
thermal detection devices 170. In this respect, thermal energy communicated to the one 

20 or more thermal detection devices 170 from thermal source 220, in turn, might result in 

the one or more thermal detection devices 170 producing an electric voltage potential. In 
an exemplary embodiment, each of the one or more thermal detection devices 170 might 
comprise one or more thermopiles. 
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As is shown in Figure 2, the one or more thermal detection devices 170 might be 
coupled with power converter 230. Power converter 230, which will be discussed in 
further detail below, can modify the voltage potential produced by the one or more 
thermal detection devices 170. In an exemplary embodiment, because the voltage 
5 potential produced by the one or more thermal detection devices 170 is lower than 
desired for operating most circuit components, power converter 230 can be a step-up 
power converter, as described in commonly owned U.S. Patent Application Ser. No. 
10/642,531, Honeywell docket number H0004031, the entire disclosure of which is 
incorporated by reference herein. 

10 Power converter 230 might be further coupled with a controller 240 and a charge 

storage device 250. While the exemplary embodiments are not limited in scope to the use 
of any particular controller, controller 240 might take the form of an ultra-low power 
microcontroller, for example. Such microcontrollers are available from Texas 
Instruments, Inc., 12500 TI Boulevard, Dallas, Texas 75243 as the MSP430 product 

15 family, though, as previously indicated, other examples are possible as well. Charge 

storage device 250 might comprise circuit components, such as, for example, capacitors 
to store charge for use by controller 240, and for use in stepping up the voltage potential 
generated by the one or more thermal detection devices 170. 

Circuit 200 might also include a valve control circuit 270. Valve control circuit 

20 270 might be coupled with controller 240 such that controller 240 can initiate and/or 

control opening and/or closing of one or more gas valves associated with valve control 
circuit 270, during normal operation of, for example, water heater 100. In an exemplary 
embodiment, valve control circuit 270 and controller 240 might control electric servo 
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valves that can in turn initiate and/or control the opening and/or closing of one or more 
gas valves. Methods that might be executed by controller 240 for operating, for example, 
water heater 100, are described in commonly owned Patent Application No. 10/382,056, 
Honeywell docket number H0003053, the entire disclosure of which is incorporated by 
5 reference herein. 

Circuit 200 might still further include one or more sensing devices 280 (which 
might comprise temperature sensors 150 and 160) and an input selection device 310, 
which might be coupled with controller 240. Sensing devices 280 might take the form of 
negative temperature coefficient ("NTC") thermistors, which, for the embodiment 

1 0 illustrated in Figure 1 , might sense water temperature within storage tank 1 1 0. Controller 
240 might then compare information received from sensing devices 280 with a threshold 
value that is based on a setting of input device 310. Based on this comparison, controller 
240 might initiate valve control circuit 270 to power a main burner valve to heat water 
within water heater 100. Alternatively, for example, controller 240 might initiate valve 

15 control circuit 270 to close a main burner valve to end a heating cycle in water heater 

100. As was previously indicated, the exemplary embodiments are not limited to use 
with a water heater, and may be used in other applications, such as with furnaces or 
fireplaces. In such applications, sensing devices 280 might sense, for example, room 
temperature or temperatures at other locations, as opposed to water temperature. 

20 Figure 3 depicts the housing 315 and the input device 310. In an exemplary 

embodiment, the input device 310 can rotate to different positions or settings, such as an 
off position 320, a pilot position 330, a low position 340, a hot position 350, and a very 
hot position 360. Further, these positions might have other settings or positions between 
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them. For example, the hot position 350 and the very hot position 360 might have 
temperature settings between them, as depicted in the exemplary embodiment of Figure 
3. In an exemplary embodiment, the position of the input device 310 can signal or 
control other components of a pilot control system. For example, if the input device 310 
5 is set to the off position 330, the pilot control system might also be "off (for example, 

not powered and no gas flow). 

Figures 4, 5, 6, and 7, depict a pilot control system in an off position, a manual 
position, an automatic pilot position (main valve "on"), and an automatic pilot position 
(standby), respectively. In an exemplary embodiment, the valve control circuit 270 

10 coupled with the controller 240 might control the flow of a gas 365 though a pilot control 

system by regulating the gas flow through one or more flow chambers to one or more 
pilot and/or main burner outlets. 

For example, an exemplary pilot control system might comprise three flow 
chambers: a first, second, and third flow chamber (375, 450, and 530, respectively). The 

15 first flow chamber 375 might, in turn, comprise an inlet 370, and the third flow chamber 

530 might, in tum, comprise a main burner outlet 380. The exemplary pilot control 
system might also comprise a pilot burner outlet 470. In an exemplary embodiment, a 
pilot pressure regulator 460 can regulate the pressure at the pilot burner outlet 470, and a 
main pressure regulator 610 can regulate the pressure at the main burner outlet 380. 

20 Other examples are possible, as well. 

Looking at Figure 4, for example, to control the flow of gas 365 through the flow 
chambers, an exemplary pilot control system might also comprise a first pilot gas valve, 
such as a manual pilot valve 390, a second pilot gas valve, such as an automatic pilot 
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valve 400, and a main valve 420. These valves might then be used to control the flow of 
the gas 365 to various components of the gas control system. 

In an exemplary embodiment, the manual pilot valve 390 might open and close to 
control gas flow from the first flow chamber 375 to an automatic pilot valve bypass 430. 
5 The automatic pilot valve bypass 430 might bypass the automatic pilot valve 400 and 
connect the first flow chamber 375 to the second flow chamber 450 and, hence, to the 
pilot outlet 470. In an exemplary embodiment, flow through the automatic pilot valve 
bypass 430 can be limited by a pilot flow limiting orifice 440, which, in an exemplary 
embodiment, has a diameter of 0.5mm. Other examples are possible as well. By limiting 

10 the flow of gas 365 through the bypass 430 to the second flow chamber 450, the orifice 
440 can limit the gas pressure in the second flow chamber 450 to less than the gas 
pressure in the first flow chamber 375. 

The manual pilot valve 390 might be connected to the input device 310 via, for 
example, a shaft 385. The shaft 385, in turn, might be connected to a position detector or 

15 a switched input detecting contact, such as, for example, a potentiometer 600, which 

might be used to send an indication of the setting of the input device 310 (such as a 
temperature setting) to other components of the pilot control system. In an exemplary 
embodiment, the input device 310 might be able to be actuated (such as, for example, by 
being pushed down or slid). Further, the input device 310 and/or the shaft 385 might be 

20 spring loaded so that once the input device 310 is released after being actuated, it can 
spring back to its previous position or another position. In an exemplary embodiment, 
the input device 310 can only be actuated when it is in certain positions, such as the pilot 
position 330, for example, and the shaft 385 might be keyed such that it only allows the 
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input device 310 to be actuated in certain positions. The input device 310 might then be 
actuated and released such that when it is actuated or released it acts to open or close, 
respectively, the manual pilot valve 390. 

In an exemplary embodiment, the automatic pilot valve 400 can open and close to 
control gas flow from the first flow chamber 375 to the second flow chamber 450. The 
automatic pilot valve 400 might comprise, for example, a diaphragm valve, although 
other examples are possible. In the case of a diaphragm valve, the automatic pilot valve 
400 might comprise an automatic pilot valve diaphragm 490 and an automatic pilot valve 
spring 520. 

There are various means of controlling the actuation, or the opening and closing, 
of the automatic pilot valve 400. To close the automatic pilot valve 400, or maintain the 
automatic pilot valve 400 in the closed position, the automatic pilot valve spring 520 can 
be biased toward the closed position. Further, in the exemplary diaphragm valve 
embodiment, the underside of the automatic pilot valve diaphragm 490 might be 
connected to an automatic pilot valve supply 570, which in turn might comprise an 
automatic pilot valve supply orifice 480. Gas 365 might then flow to the underside of the 
diaphragm 490 through the supply 570 (limited by the orifice 480), and the gas pressure 
on the underside of the automatic pilot valve diaphragm 490 might, in turn, act on the 
diaphragm 490 to tend to close the automatic pilot valve 400. 

One means of releasing the gas pressure on the underside of the automatic pilot 
valve diaphragm 490 is through the use of an electric servo operator automatic pilot valve 
410, for example. In an exemplary embodiment, the electric servo operator valve 410 
can open and close to control gas flow from an electric servo operator automatic pilot 
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valve supply 540 to the second flow chamber 450. By opening the servo valve 410, gas 
365 can flow from the underside of the automatic pilot valve diaphragm 490 toward the 
second flow chamber 450, and this gas flow, in turn, can act to release gas pressure from 
the underside of the automatic pilot valve diaphragm 490. The supply orifice 480 can be 
5 sized to limit gas flow to and regulate re-pressurization of the underside of the diaphragm 

490. Other examples of releasing the pressure and/or opening the automatic pilot valve 
400 are possible as well. 

In an exemplary embodiment, the main valve 420 can open and close to control 
gas flow from the second flow chamber 450 to the third flow chamber 530 and to the 

10 main burner (not shown). The main valve 420 might comprise, for example, a diaphragm 

valve, although other examples are possible. In the case of a diaphragm valve, the main 
valve 420 might comprise a main valve diaphragm 510 and a main valve spring 580. 

There are various means of controlling the actuation, or the opening and closing, 
of the main valve 420. To close the main valve 420, or maintain the main valve 420 in 

15 the closed position, the main valve spring 580 can be biased toward the closed position. 

Further, in the exemplary diaphragm valve embodiment, the underside of the main valve 
diaphragm 510 might be connected to a main valve supply 590, which in turn might 
comprise a main valve supply orifice 500. Gas 365 might then flow to the underside of 
the diaphragm 510 through the supply 590 (regulated by the orifice 500), and the gas 

20 pressure on the underside of the main valve diaphragm 510 might, in turn, act on the 
diaphragm 5 10 to tend to close the main valve 420. 

One means of releasing the gas pressure on the underside of the main valve 
diaphragm 510 is through the use of an electric servo operator main valve 550, for 
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example. In an exemplary embodiment, the electric servo operator main valve 550 can 
open and close to control gas flow from an electric servo operator main valve supply 560 
to the third flow chamber 530. By opening the servo valve 550, gas 365 can flow away 
from the underside of the main valve diaphragm 510, and this gas flow, in tum, can act to 
release gas pressure from the underside of the main valve diaphragm 510. The supply 
orifice 500 can be sized to limit gas flow to and regulate re-pressurization of the 
underside of the diaphragm 510. Other examples of releasing the pressure and/or 
opening the main valve 420 are possible as well. 

Figure 4 depicts an exemplary pilot control system in an exemplary off position, 
which might result when the input device 310 is set to the off position 320. hi an 
exemplary embodiment, in the off position 320, the manual pilot valve 390 and the 
automatic pilot valve 400 are closed and can oppose the flow of gas 365 through these 
valves to downstream components, such as other flow chambers. In the off position, gas 
365 can occupy the first chamber 375 and the underside of the automatic pilot valve 
diaphragm 490. In the exemplary pilot control system depicted in Figure 4, gas can also 
occupy the supply 540 up to but not beyond the electric servo operator valve 410, which 
is also closed. 

Figure 5 depicts an exemplary pilot control system in the manual pilot position, 
which might result when the input device 310 is set to the pilot position 330. In an 
exemplary embodiment, in the pilot position 330, the input device 310 can be pushed 
such that the action of pushing the input device 310 opens the manual pilot valve 390, 
While the manual pilot valve 390 is open, gas 365 can enter the automatic pilot valve 
bypass 430 and flow to downstream components such as the second flow chamber 450, 
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the pilot pressure regulator 460, and the pilot outlet 470. In the manual pilot position, gas 
365 can flow through the main valve supply 590 to the underside of the main valve 
diaphragm 510. In the exemplary pilot control system depicted in Figure 5, gas 365 can 
also flow through the electric servo operator main valve supply 560 up to but not through 
5 the electric servo operator main valve 550, which is also closed. 

The pilot pressure regulator 460 can regulate gas flow to the pilot outlet 470. 
Once gas 365 is flowing to the pilot ouflet 470, the pilot flame 195 (shown in Figure 1) 
can be ignited using any of a number of different ignition means. Once the pilot flame 
195 is Ht, the flame can heat one or more thermal detection devices 170, such as one or 

10 more thermopiles, for example. In an exemplary embodiment, the thermopile(s) might 
each comprise an array of about thirty thermocouples, for example. Other examples are 
possible, as well In any case, the one or more thermal detection devices 170 might also 
be connected to the controller 240. In an exemplary embodiment, when the pilot flame 
195 is lit, the one or more thermal detection devices 170 can provide an output voltage to 

15 the controller 240, which the controller 240 might then use as power for the control 

system. When the pilot flame 195 is not lit, in an exemplary embodiment, the one or 
more thermal detection devices 1 70 do not provide any output voltage. 

The controller 240, in tum, might comprise or be coupled with a microprocessor 
640. And once the output voltage of the one or more thermal detection devices 170 

20 reaches a certain point, the microprocessor 640 might activate. In an exemplary 

embodiment, the output voltage from the one or more thermal detection devices 170 
might supply a step-up power converter. In any case, in an exemplary embodiment, the 
controller 240 and/or the microprocessor 640 might comprise one or more control 
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algorithms for controlling various components of the control system. The microprocessor 
640 might then use the power provided by the one or more thermal detection devices 1 70 
to control various components of the pilot control system, such as the electric servo 
valves 410 and 550, for example. In an exemplary embodiment, the microprocessor 640 
can be programmed to open the servo valve 410 once the one or more thermal detection 
devices 170 reaches a certain temperature, or voltage. 

Turning to Figure 6, Figure 6 depicts an exemplary pilot control system in the 
automatic pilot standby position. In an exemplary embodiment, the automatic pilot 
standby position can result after the performance of the series of steps discussed with 
respect to Figure 5: First, the input device 310 can be set to the pilot position 330 and 
actuated to open the manual pilot valve 390. Second, the pilot flame 195 (supplied with 
the gas 365 by the pilot outlet 470) can be ignited and can heat the one or more thermal 
detection devices 170 to a temperature that generates enough power to activate the 
microprocessor 640. Then, as depicted in the exemplary embodiment of Figure 6, the 
microprocessor 640 can open the electric servo operator valve 410 and the input device 
310 can be released to close the manual pilot valve 390. 

As discussed above, in an exemplary embodiment, the electric servo operator 
valve 410 can be opened to release gas pressure from the underside of the automatic pilot 
valve diaphragm 490. Gas pressure from the first flow chamber 375 and/or the second 
flow chamber 450 can then act on the diaphragm 490 and the automatic pilot valve 400 to 
oppose the force of the spring 520 and any remaining gas pressure on the underside of the 
diaphragm 490. The gas pressure from the first flow chamber 375 and the second flow 
chamber 450 can thus combine to help open the automatic pilot valve 400. Gas flow 
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through the automatic pilot valve 400 can then supply the pilot outlet 470 and hence the 
pilot flame 195. In the exemplary embodiment depicted in Figure 6, the microprocessor 
640 can electrically hold the electric servo valve 410 open and, hence, maintain the 
exemplary pilot control system in the automatic pilot standby position, as long as the 
valve 410 receives power from the microprocessor 640 and/or controller 240. In an 
exemplary embodiment, once the input device 310 is turned to the off position 320, the 
power is cut to the microprocessor 640 and/or the controller 240 and, likewise, power is 
cut to any pilot control system components powered by the microprocessor 640 and/or 
the controller 240, such as the electric servo valve 410. 

Figure 7 depicts an exemplary pilot control system in the automatic pilot (main 
valve "on") position. In an exemplary embodiment, the automatic pilot (main valve "on") 
position can result after the automatic pilot valve 400 is opened and the input device 310 
is turned to any of the low position 340, the hot position 350, and the very hot position 
360, or is rotated to the temperature settings between the hot position 350 and the very 
hot position 360. Other examples are possible, as well. 

The rotation of the input device 310 can also cause the potentiometer 600 to 
rotate. In an exemplary embodiment, the setting of the input device 310, and hence the 
potentiometer 600, can then indicate to the pilot control system, for example, the 
temperature setting of the input device 310 or whether the input device is set to the pilot 
mode or off 

In an exemplary embodiment, the microprocessor 640 can read the potentiometer 
600, and based on the position of the potentiometer 600 and other inputs, the 
microprocessor can signal the electric servo operator main valve 550 to open, close, 
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and/or adjust the main valve 420, as depicted in Figure 7. As the servo valve 550 opens, 
it can release gas 365 from the underside of the main valve diaphragm 510 and allow the 
gas 365 to flow from the supply 560, through the main pressure regulator 610, and 
toward the third flow chamber 530 and the outlet 380. Gas pressure from the second 
5 flow chamber 450 can then act on the diaphragm 510 to oppose the force of the spring 

580 and any remaining gas pressure on the underside of the diaphragm 510. The gas 
pressure from the second flow chamber 450 can thus help open the main valve 420. Gas 
flow through the main valve 420 can then supply one or more main burners. 

In the exemplary embodiment depicted in Figure 7, the microprocessor 640 can 

10 electrically hold open and adjust the electric servo valve 550, which might be open 

because of input from any or all of the temperature sensing devices 280, the 
potentiometer 600, or other temperature settings, and/or the one or more control 
algorithms. The microprocessor 640 can maintain the exemplary pilot control system in 
the automatic pilot (main valve "on") position as long as the valve 550 receives power 

15 from the microprocessor 640 and/or the controller 240. In an exemplary embodiment, 

once the input device 310 is turned to the off position 320, the power is cut to the 
microprocessor 640 and/or the controller 240 and, likewise, power is cut to any pilot 
control system components powered by the microprocessor 640 and/or the controller 240, 
such as electric servo valves 410 and 550. 

20 Figure 8 depicts a schematic of a circuit 650 comprising the potentiometer 600 

communicating with the microprocessor 640. As shown in Figure 8, the potentiometer 
600 might comprise a wiper 660 and a plurality of resistors, such as Rl and R2, for 
example. Each resistor, in turn, might comprise one or more contacts. The sum of the 
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plurality of resistors might then equal the value Rpot, or the total resistance of the 
potentiometer 600. In an exemplary embodiment, the wiper 660 might vary the 
resistance in the circuit 650 by moving between the contacts of the resistors. The 
potentiometer might then vary its resistance between, for example, OQ and Rpot. 

The potentiometer 600 might be connected to the microprocessor 640 at a 
plurality of terminals, such as I/0_1, A/D__l, and \I0J2 (A/D_2). hi an exemplary 
embodiment, the circuit 650, and hence the microprocessor 640, might receive power 
from the output voltage of the one or more heated thermal detection devices 170. As 
discussed above, the one or more thermal detection devices 170 might be coupled with 
power converter 230, which might generate a voltage Vcc. Then, as the wiper 660 slides 
along the plurality of resistors (Rl and R2, for example), the voltage drop across the 
potentiometer can be proportional to the position of the wiper 660, which, in turn, can 
directly correlate to the position of the input device 310. 

The microprocessor 640 can be calibrated to correlate the voltage drop across the 
potentiometer 600 with the position of the input device 310, and, in an exemplary 
embodiment, the correlated voltages and positions can be stored in EEPROM. For 
example, the off position 320 of the input device 310 might be calibrated with a voltage 
drop of zero over the terminals I/0_1 and A/D_l. Likewise, the very hot position 360 of 
the input device 310 might be calibrated such that the voltage drop over the terminals 
VOJ and A/D_l equals the voltage drop over the terminals V0_\ and I/0_2 (A/D_2) or 
Vcc. Intermediate settings of the input device 310, such as the pilot position 330, the low 
position 340, and the hot position 350, for example, might also be calibrated with 
particular voltage drops over the terminals I/0_1 and A/D_l . 
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In an exemplary embodiment, the microprocessor 640 can determine the position 
of the input device 310 by measuring the voltage drop across the terminals I/0_1 and 
A/D_l as a percentage of the voltage drop across the terminals VO X and I/O J2 (A/D_2) 
or as a percentage of the voltage Vcc. Thus, the pilot position 330 can be calibrated to 
equal a particular ratio of the voltage drop over the terminals I/0_1 and A/D_l to the 
voltage drop over terminals I/0_1 and I/0_2 (A/D_2). Likewise, the low position 340, 
the hot position 350, the very hot position 360, and the gradient of temperature settings 
between the hot position 350 and the very hot position 360 can each be calibrated to 
equal different, particular ratios of the voltage drop over the terminals I/0_1 and A/D_l 
to the voltage drop over terminals I/0_1 and I/0__2 (A/D_2). And these calibrations can 
be stored in EEPROM in the microprocessor 640. 

The microprocessor 640, which, in an exemplary embodiment, can receive 
temperature feedback from the temperature sensing devices 280, can then be programmed 
to control, for example, gas flow to the main burner, based on the position of the input 
device 310. In an exemplary embodiment, the microprocessor 640 can also correlate 
positions of the input device 310 with temperatures in and/or around a gas-fired 
appliance. (The temperatures in and/or around a gas-fired appliance, in turn, might be 
read by the microprocessor 640 as a voltage output from the temperature sensing devices 
280, for example.) 

The microprocessor might then store in EEPROM, for example, a correlation of 
calibrated voltage drop ratios and desired temperatures in and/or around a gas-fired 
appliance. The desired temperatures might be measured as output voltages of 
temperature sensing devices 280, for example. In an exemplary embodiment, to ascertain 
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a user's desired (or selected) temperature setting, as indicated by the input device 310 
(and hence the potentiometer 600), the microprocessor 640 can compare the voltage drop 
across terminals VO_l and A/D_l to the voltage drop across terminals I/0_1 and I/0_2 
(A/D_2) (as discussed above). The microprocessor 640 can then use the ratio of those 
5 two voltage drops to look up the calibrated temperature setting, which might be stored as 

an expected input voltage potential from the temperature sensing devices 280. The 
microprocessor can then compare the value of the stored expected input voltage potential 
to the actual input voltage potential from the temperature sensing devices 280, and adjust 
the bumer output appropriately (by starting or stopping (or increasing or decreasing) gas 

10 flow to the bumer, for example). 

2. Exemplary Operation 

Figure 9 is a flowchart that depicts a set of functions that might be involved in 
using an exemplary pilot control system in accordance with the exemplary embodiments 
of Figures 1-8. As depicted in the exemplary embodiment of Figure 4, when the 

15 selectable input device 3 10 is in the off position 320, both the manual pilot valve 390 and 

the automatic pilot valve 400 are closed and gas is restricted to the first chamber 375 and 
to the underside of the automatic pilot valve 400. 

At block 702 of Figure 9, a user can operate a selectable input device to open a 
manual pilot valve to allow gas flow to a pilot bumer. In the exemplary embodiment 

20 depicted in Figure 5, the input device 310 can be rotated to the pilot position 330 and can 
be actuated to open the manual pilot valve 390 via the shaft 385. Gas 365 can then flow 
through the manual pilot valve 390 and the automatic pilot valve bypass 430 to fill the 
second chamber 450. Gas 365 can further flow to the underside of the main valve 420 
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and through the pilot pressure regulator 460 and the pilot outlet 470 and to the pilot 
burner 190 (shown in Figure 1). 

At block 704 of Figure 9, the pilot burner can be lit (by any ignition means now 
known or later developed) and can heat one or more thermal detection devices in thermal 
5 communication with the pilot burner. The one or more thermal detection devices can 

then output a variable voltage potential. 

At block 706 of Figure 9, the voltage potential from the one or more thermal 
detection devices can be supplied to a microprocessor to power an automatic pilot valve. 
Gas can then flow through the automatic pilot valve to the pilot burner. In the exemplary 

10 embodiment depicted in Figure 6, the one or more thermal detection devices 170 (shown 
in Figures 1-2) can supply a voltage potential to the microprocessor 640 sufficient to 
activate the microprocessor 640. The one or more thermal detection devices 170 can also 
supply a voltage potential to the microprocessor 640 sufficient to allow the 
microprocessor 640 to operate and open the electric servo operator valve 410. The flow 

15 of gas 365 through the servo valve 410 can relieve the gas pressure on the underside of 

the automatic pilot valve 400. The automatic pilot valve 400 can then open and allow gas 
flow through the automatic pilot valve 400 to the pilot outlet 470 and to the one or more 
pilot burners 190 (shown in Figure 1). The microprocessor 640 can hold the servo valve 
410 open as long as sufficient power is supphed to the microprocessor 640. Other means 

20 for opening the automatic pilot valve 400 are possible, as well. 

At block 708 of Figure 9, a user can operate a selectable input device to close the 
manual pilot valve. In the exemplary embodiment depicted in Figure 6, the input device 
310 can be spring loaded. In such a case, once the input device 310 is released after 
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being actuated, it can spring back to its previous position and, via the shaft 385, close the 
manual pilot valve 390. Other examples are possible as well. 

At block 710 of Figure 9, gas can be supplied to one or more pilot burners via the 
automatic pilot valve that is being powered solely by the output voltage potential 
5 supplied by the one or more thermal detection devices. 

Figure 10 is a flowchart that depicts an additional set of functions that might be 
involved in using an exemplary pilot control system in accordance with the exemplary 
embodiments of Figures 1-8. As depicted in the exemplary embodiment of Figure 7, the 
selectable input device 310 can be coupled to a potentiometer 600. The potentiometer 
1 0 600 can, in turn, sense the position of the input device 310. 

At block 720 of Figure 10, a user can operate the selectable input device to select 
a temperature. For example, turning to Figure 3, a user might select the low position 340, 
the hot position 350, the very hot position 360, or any of the intermediate temperature 
settings between the hot position 350 and the very hot position 360. The position of the 
15 input device 310 might then be relayed to the microprocessor 640 via the exemplary 

circuit 650 depicted in Figure 8. 

At block 722 of Figure 10, the microprocessor can use the voltage potential from 
the one or more thermal detection devices to power a main valve. Gas can then flow 
through the main valve to the one or more main burners. In the exemplary embodiment 
20 depicted in Figure 7, the one or more thermal detection devices 170 (shown in Figures 1- 
2) can supply a voltage potential to the microprocessor 640 sufficient to allow the 
microprocessor to operate the electric servo operator main valve 550. The flow of gas 
365 through the servo valve 550 can relieve the gas pressure on the underside of the main 
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valve 420. The main valve 420 can then open and allow gas flow through the main valve 
420 to the outlet 380 and to the main burners (not shown). The microprocessor 640 can 
hold the main valve 410 open as long as sufficient power is supplied to the 
microprocessor 640. Other means for opening the main valve 420 are possible, as well. 

At block 724 of Figure 10, the microprocessor can control the flow of gas through 
the main valve to reach and/or maintain the selected temperature. In the exemplary 
embodiment depicted in Figure 2, for example, temperature sensing devices 280 can 
provide temperature feedback to the microprocessor 640. Other examples are possible, as 
well. Li any case, the microprocessor 640 can compare the temperature measured by the 
temperature sensing devices 280 to the selected temperature. The microprocessor 640 
can then open, close, or otherwise change the amount of gas 365 flowing through the 
main valve 420 accordingly (by, for instance, adjusting the position of the electric servo 
valve 550). 

Figure 1 1 is a flowchart that depicts an additional set of functions that might be 
involved in using an exemplary pilot control system in accordance with the exemplary 
embodiments of Figures 1-8. As depicted in the exemplary embodiment of Figure 6, the 
microprocessor 640 can supply power to the electric servo operator valve 410 to power 
the automatic pilot valve 400. And as depicted in the exemplary embodiment of Figure 
7, the microprocessor 640 can supply power to the electric servo operator main valve 550 
to power the main valve 420. 

At block 730 of Figure 11, power to the microprocessor can be cut. In an 
exemplary embodiment, a user can cut power to the microprocessor 640 by setting the 
selectable input device 310 to the off position 320. Power to the microprocessor 640 
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might also be cut by the termination of the voltage potential from the one or more thermal 
detection devices 170, for example, by the main burner flame and/or the pilot flame 195 
being extinguished. 

At block 732 of Figure 11, power to any electric servo operator valves can also be 
cut. In an exemplary embodiment, because the one or more thermal detection devices 
1 70 supply the only power to the microprocessor 640, once the voltage potential from the 
thermal detection devices 1 70 is cut, any power that the microprocessor 640 supplies is 
also cut. The termination of power supplied by the microprocessor 640 to components of 
the pilot control system, such as the electric servo operator automatic pilot valve 410 and 
the electric servo operator main valve 550, can cause the automatic pilot valve 400 and 
the main valve 420, respectively, to close. 
3. Conclusion 

Several exemplary embodiments of the present invention have been described 
above. Those skilled in the art will understand, however, that changes and modifications 
may be made to these embodiments without departing from the true scope and spirit of 
the present invention, which is defined by the claims. 
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